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Our invention relates to the control of bacteria in water
flooding operations used in the secondary recovery of
petroleum oils, and more particularly, to controlling such
organisms by incorporating into the flooding water
amounts of nitroamines having the following structural
formula:

1}102
Rx—CHz——(ﬁ—R
R

where R is selected from the group consisting of lower
alkyl and hydrogen; where R; is a member selected from
the group consisting of —N(Rg)3, morpholino and piperi-
dyl; and where R, is a member selected from the group
consisting of hydrogen, tetrahydrofurfuryl, lower alkyl
and lower hydroxyalkyl.

U.S. Patent 2,839,467 lists many of the problems found
in the secondary oil recovery art and the means whereby
some of these problems have been solved. The problem
of controlling sulfate reducing bacteria is ever present and
always difficult, as the growth of the microorganisms is
not controlled by economically practicable amounts of
many bactericides generally utilized in bacterial control
and the microorganisms sometimes become resistant to
generally used bactericides.

The problems attending the control of other microor-
ganisms are more easily solved but are, nevertheless,
present. These microorganisms are generally controlled
by moderate amounts of known bactericides.

We have now discovered that noxious microorganisms
are economically controlled by our above-described nitro-
amines. Compounds which we have found to be opera-
tive in our process include N-(2-nitroisobutyl)diisopro-
panolamine, N-(2-nitropropyl)morpholine, N-(2-nitro-
propyl)dibutylamine, N-(2-nitropropyl)diisobutylamine,
N-(2-nitrobutyl) dimethylamine, N-(2-nitrobutyl)-2-ethyl-
hexylamine, N-(2-nitrobutyl)-1-aminc-2-propanol, N-(2-
nitrobutyl)morpholine, N-(2-nitrobutyl)piperidine, N-(2-
nitrobutyl) tetrahydrofurfurylamine, N - (2 - nitrobutyl)-
morpholine, etc.

The usual procedure for the treatment of water to be
utilized in flooding operations is to produce a concentrate
of the bactericide in water and then continuously inject
this concentrate into the water to be used in flooding op-
erations at a rate which forms a desired dilution of the
bactericide. This is done prior to pumping the water into
the oil bearing subterranean formation. Sampling and
checking the water for bacteria will show whether the
chemical concentration needs to be raised or may be low-
ered to control effectively all bacterial growth and to ef-
fect an elimination of sulfate reducing bacteria from the
water.

Alternately, the bactericides utilized in our process may
be added to the oil-bearing formations periodically, for
example, once a week, as a high potency concentrate or
the undiluted bactericide may be injected into the forma-
tion.

We have found that the compounds utilized in our
process are active against some strains of bacteria in
water at concentrations as low as about 10-25 p.p.m.
However, we prefer to utilize concentrations in excess of
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about 50-100 p.p.m. as we have found that even very re-
sistant strains of Desulfovibrio desulfuricans effectively
controlled at these concentrations.

It is to be understood, of course, that not all of the
compounds utilized in our process are effective to the same
degree. The following table sets out concentrations at
which we have found representative nitroamines coming
within the scope of our invention to be completely effec-
tive against a resistant strain of Desulfovibrio desulfuri-
cans in water flooding operations.

Nitroamine: Effective concentration (p.p.m.)
N-(2-nitroisobutyl ) diisopropanolamine .______ 100
N-(2-nitropropyl ) morpholing oo oo cceoee 12
N-(2-nitropropyl)dibutylamine . __________ 12
N-(2-nitropropyl) diisobutylamine ______._.. 50
N-(2-nitrobutyl)dimethylamine . _________ 12
N-(2-nitrobutyl)-2-ethylhexylamine oo 25
N-(2-nitrobutyl)-1-amino-2-propanol ___.___.. 25
N(2-nitrobutyl)morpholine _____ . ____ 50
IN-(2-nitrobutyl) piperidine 100
N-(2-nitrobutyl) tetrahydrofurfurylamine .._._. 100
N-(2-nitrobutyl)morpholine .. __._._. 50

The following examples set out the procedure used in
testing our nitroamines for the control of sulfate reduc-
ing microorganisms. It is not intended that our inven-
tion be limited to the exact compositions or concentra-
tions shown. Rather, it is intended that all equivalents
obvious to those skilled in the art be included withit the
scope of our invention as claimed.

Example 1

In a water treatment plant, a water concentrate con-
taining N-(2-nitroisobutyl) diisopropanolamine is continu-
ally added to water to be pumped into a subterranean oil-
bearing formation to such a rate that a 100 p.p.m. solu-
tion of N-(2-nitroisobutyl)diisopropanolamine is formed.
The nitroamine treated flooding water is pumped into the
oil-bearing formation and is completely effective in pre-
v;r{ting bacterial plugging of the oil-bearing sands and the
piping system utilized in the water flooding operations.

Example I1

Utilizing the process of Example I, we have found that
12 p.p.m. of N-(2-nitropropyl)morpholine is effective in
controlling bacteria in water flooding operations.

Example I11

Utilizing the process of Example I, we have found that
12 p.p.m. of N-(2-nitropropyl)dibutylamine is effective
in controlling bacteria in water flooding operations.

Example 1V

Utilizing the process of Example I, we have found that
§0 p.p-m. of N-(2-nitropropyl) diisobutylamine is effective
in controlling bacteria in water flooding operations.

Example V

Utilizing the process of Example I, we have found that
12 p.p.m. of N-(2-nitrobutyl)dimethylamine is effective
in controlling bacteria in water flooding operations.

Example VI

Utilizing the process of Example I, we have found that
25 p.p.m. of N-(2-nitrobutyl)-2-ethylhexylamine is effec-
tive in controlling bacteria in water flooding operations.

Example VII
Utilizing the process of Example I, we have found that
25 p.p.m. of N-(2-nitrobutyl)-1-amino-2-propanol is effec-
tive in controlling bacteria in water flooding operations.
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Example VIII

Utilizing the process of Example I, we have found that
50 p.p.m. of N-(2-nitrobutyl)morpholine is effective in
controlling bacteria in water flooding operations.

Example 1X

Utilizing the process of Example I, we have found that
100 p.p.m. of N-(2-nitrobutyl)piperidine is effective in
controlling bacteria in water flooding operations.

Example X

Utilizing the process of Example I, we have found that
100 p.p.m. of N-(2-nitrobutyl)tetrahydrofurfurylamine is
effective in controlling bacteria in water flooding opera-
tions.

Example XI

Utilizing the process of Example I, we have found that
50 p.p.m. of N-(2-nitrobutyl)morpholine is effective in
controlling bacteria in water flooding operations.

This application is a continuation-in-part of our U.S.
patent application Serial No. 812,821, filed May 13,
1959, now abandoned.

Now having described our invention what we claim is:

1. In the process of secondary oil recovery character-
ized by the step of injecting flooding water into oil-bear-
ing subterranean formations to displace portions of the
residual oil therein, the improvement comprising having
present in said injected flooding water in excess of about
10-25 p.p.m. of a nitroamine having the following struc-
tural formula:

NOz
Rl—CHz—-(:J—R
R

where R is selected from the group consisting of lower
alkyl and hydrogen; where R, is a member selected from
the group consisting of —N(R,),, morpholino and pi-
peridyl; and where R, is a member selected from the
group consisting of hydrogen, lower alkyl, tetrahydrofur-
furyl and lower hydroxyalkyl.

2. In a flooding process for the recovery of oil from oil-
bearing subterranean formations, the improvement which
comprises flooding the oil-bearing subterranean forma-
tion with an aqueous liquid containing in excess of about
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50-100 p.p.m. of a nitroamine having the following struc-
tural formula:
NO3
Ri—CH;—C—R
%

where R is selected from the group consisting of lower
alkyl and hydrogen; where R; is a member selected from
the group consisting of —N(Rjy)s, morpholino and pi-
peridyl; and where Ry is a member selected from the
group comsisting of hydrogen, lower alkyl, tetrahydrofur-
furyl and lower hydroxyalkyl.

3. The process of claim 2 wherein the nitroamine
N-(2-nitroisobutyl) diisopropanolamine.

4. The process of claim 2 wherein the nitroamine
N-(2-nitropropyl) morpholine.

5. The process of claim 2 wherein the nitroamine i
N-(2-nitropropyl) dibutylamine.

6. The process of claim 2 wherein the nitroamine i
N-(2-nitropropyl ) diisobutylamine.

7. The process of claim 2 wherein the nitroamine i
N-(2-nitrobutyl)dimethylamine.

8. The process of claim 2 wherein the nitroamine i
N-(2-nitrobutyl)-2-ethylhexylamine.

9. The process of claim 2 wherein the nitroamine i
N-(2-nitrobutyl)-1-aminc-2-propanol.

10. The process of claim 2 wherein the nitroamine i
N-(2-nitrobutyl) morpholine.

11. The process of claim 2 wherein the nitroamine i
N-(2-nitrobutyl) piperidine.

12. The process of claim 2 wherein the nitroamine i
N-(2-nitrobutyl) tetrahydrofurfurylamine.

13. The process of claim 2 wherein the nitroamine i
N-(2-nitrobutyl ) morpholine.
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